addressed this critical need in our study. The objective of our study was to examine 135 variation among a large number of potato cultivars registered and used for production in
136
Canada for their response to heat stress for chlorophyll content, plant growth and largest 137 tuber weight traits. We examined the response of 55 potato cultivars (genotypes) to heat 138 stress to determine whether there is a significant variation in their chlorophyll content,
139
height growth and largest tuber weight traits in response to heat stress, whether these 140 traits are inter-correlated, and whether there are cultivars that are heat tolerant and 141 productive. Our working hypothesis is that there is significant genotypic variation among 142 potato cultivars for their response to heat stress in chlorophyll content, plant growth and 143 tuber formation, and relatively heat-tolerant cultivars could be identified based on these 144 traits.
145 146
Materials and Methods

148
Plant material 149 150 Fifty-five potato varieties that are currently or previously registered in Canada were 151 selected to investigate their response and tolerance to heat stress (Table 1) .
152
One-month-old in-vitro cultured plantlets of each of the 55 cultivars were obtained from cloned plants of the same cultivar under two treatments were genetically identical.
170
The plants were tested under two conditions in two compartments of the greenhouse:
171 control (CK) and heat stress (HS). The CK growth conditions used a photoperiod regime 172 of 14h light and 10h dark, a day temperature of 22 ± 1°C, and a night temperature of 18 ± 173 1°C. The humidity was set to 70% but it was somewhat higher immediately after 174 watering. All plants were first grown under these control non-stressed conditions for Manhattan distances among cultivars and traits were calculated by the command "dist"
268
and then the hierarchical cluster analysis was performed by the command "hclust"
269
(row_distance, method = "ward.D2"). The PCA was performed using SAS (SAS Institute
270
Inc., Cary, NC, version 9.4), based on the same nine traits. 
325
1A). However there was significant variation among the studied potato cultivars (P < 326 0.01) in their plant height response to heat stress (Table 3) 
335
The plant height ratio between HS plants and CK plants varied significantly among 336 the cultivars (P < 0.01). It was greater than 1.0 in 45 out of 55 cultivars ( Yukon Gold (2.73), and Cherry Red (2.64) ( Table 3) . Ten cultivars showed a reduction of 342 2% to 53% in plant height under the heat-stress conditions as compared to control 343 conditions, with an average of 10.4% (Table 3 ) and this was related to their high 344 sensitivity to heat stress. The cultivar 'AC Chaleur' showed the largest reduction of 57% 345 in plant height (Table 3 ). The correlation between the plant height ratio and the tuber 346 weight ratio for these 10 cultivars was not significant (R = 0.56, P = 0.090).
348
Largest tuber weight 349 350
We observed significant variation in tuber formation and the largest tuber weight among 351 the cultivars both under the control and heat-stress conditions ( heat-stress conditions, the tuber formation and tuber weight were significantly inhibited.
355
No tubers were formed in four cultivars ( Chieftain, and AC Belmont were top cultivars for the largest tuber weight under HS 360 conditions (Table 4 ). The ratio of the HS/CK largest tuber weight ranged from 0 to 0.30,
361
with an average of 0.07 (Table 4) , which means that the largest tuber weight was on 362 average lower by 93.4% under the heat stress conditions. The differences among cultivars 363 were highly significant (P < 0.01).
365
Correlation among traits
The Pearson correlation coefficient (R) (and their statistical significance levels) 368 among all the measures and derived traits are presented in Table 5 . SPAD values for three (Table 5 ). However, the HS/CK SPAD ratios on each of the 7 th , 16 th , and 32 nd day 382 were all positively and significantly correlated with LTWHS and LTWR (Table 5 ; Fig.   383 3B).
384
The HS/CK plant height ratio and the largest tuber weight were positively and 385 significantly correlated (Fig. 3C ). There was also a positive correlation between the 32nd 386 day HS/CK SPAD ratio and HS/CK plant height ratio (Fig. 3A) and largest tuber weight 387 (Fig. 3B ). In addition, the height of plants in HS treatment (PHTHS) was positively and LTWHS, LTWR and PHTR, and the highest negative value for SPADCK7D (Table S4) .
415
The second PC was dominated by the positive values for SPADHS7D, SPADCK7D and 416 PHTR, and the highest negative value for PHTCK (Table S4 others, and the results for the differentiation and grouping of these cultivars were 420 consistent with those obtained from the heatmap (Fig. 4) . in agreement with previous studies (Marinus and Bodlaender 1975; Paul et al. 2016 ).
505
Our study shows that heat stress severely reduces tuber formation and tuber weight, 506 evident from no tuber formation in several potato cultivars and overall reduction of the 507 largest tuber weight by 93.4% (Table 4) . This was despite the fact that plants under heat formation and tuber development in our study.
518
Our study reveals that tuber yield in terms of the largest tuber weight was 
527
From the trends that emerged from our data, it appears that increased leaf chlorophyll and tuber weight ratios appear to be the most discriminatory traits. Since the tuber weight 535 is one of the most important factors for potato agriculture, our study identifies relatively 536 heat-stress tolerant and susceptible cultivars for this trait ( heat/control conditions. LTWR: largest tuber weight HS/CK ratio. Row Z−Score
